Abstract Purpose The main aim of this study was to assess changes in perceived demand, control and support at work of neck and back pain patients over 1 year. We also hypothesised that perceived changes in demand, control and support at work were associated with clinical improvement, reduced fear-avoidance beliefs and successful return to work. Methods Four hundred and five sick-listed patients referred to secondary care with neck or back pain were originally included in an interventional study. Of these, two hundred and twentysix patients reported perceived psychosocial work factors at both baseline and 1-year follow-up, and they were later included in this prospective study. Changes in demand, control and support dimensions were measured by a total of nine variables. Results At the group level, no significant differences were found among the measured subscales. At the individual level, the regression analyses showed that decreases in fear-avoidance beliefs about work were consistently related to decreases in demand and increases in control, whereas decreases in disability, anxiety and depression were related to increases in support subscales. Conclusions The perception of demand, control and support appear to be stable over 1 year in patients with neck and back pain, despite marked improvement in pain and disability. Disability, anxiety, depression and fear-avoidance beliefs about work were significantly associated with the perception of the work environment, whereas neck and back pain were not.
Introduction
Neck and back pain are common ailments, and they are a major source of disability and work absences [1] . Disability from neck and low back pain is multi-factorial and not just related to medical factors [2, 3] . In particular, the importance of working conditions has been recognised [4] . Although the physical work environment is still important for ensuring safety and health at the workplace, the psychosocial work environment is considered to be the most important factor in disability prevention [5] . Several models have been developed to explain the relationship between the perceived psychosocial work environment and health problems [6] . One of the most used models is the job-demand-control-support model (JDCS) developed by Karasek and colleagues [7] . The JDCS is a three-dimensional model integrating job demand, decision latitude and social support at work. The model is based on research showing that workers with high-strain jobs and low social support have a higher risk of cardiovascular disease [8] . The influences of demand, control and support at work in occupational neck and back pain have attracted considerable interest over the years. Recent reviews suggest that high demand, low control and low supervisor support are probably associated with the presence of neck and back pain [9, 10] .
In a previous study, the model was applied to patients on sick leave referred to specialised care due to neck and back pain [11] . The patients perceived higher demands on their physical endurance compared to the reference population. Additionally, perceived demand, control and support were closely associated with fear-avoidance beliefs about work [11] . Although a recent study focusing on a Norwegian worker population reported quantitative demand and decision control to be rather stable over a 4-year period [12] , we have no knowledge about the perception of demand, control and support over time in patient populations.
The view that a worker's health might influence the perceived psychosocial work environment has recently been proposed in a systematic review [13] . One of the most common mechanisms proposed to explain this ''reversed effect'' is the ''perception'' hypothesis. In this hypothesis, changes in worker well-being are suggested to cause an altered perception of the existing work environment, despite an actual unchanged work environment. Unhealthy workers might interpret their work environment more negatively over time due to reduced work capacity or by a selective recall of negative information or situations in individuals with poor affective health. Conversely, healthy workers are more likely to re-interpret their jobs positively over time [13] . In neck and back pain patients, a considerable reduction in pain and disability over the first year following a multidisciplinary intervention is expected [14, 15] , as well as reduced emotional distress [14] . In addition, one of the priorities of multidisciplinary treatments is to reduce fearavoidance beliefs, as high fear avoidance beliefs about work are found to be associated with prolonged sick leave and work loss [16] . Therefore, a reduction in fear-avoidance beliefs about work is anticipated [14] . Furthermore, the majority of sick-listed back pain patients generally return to their usual work within 1 year [17] [18] [19] . The extent to which the clinical recovery and return to work (RTW) actually influence the perception of demand, control and support over time in a patient population is not known.
The overall aim of this study was to assess changes in perceived demand, control and support at work in neck and back pain patients over 1 year. We also hypothesised that changes in demand, control or support at work were associated with clinical improvement, reduced fear avoidance beliefs and successful RTW.
Methods Design
This study was part of a randomised controlled multicentre trial of patients on sick leave due to neck and back pain [17] . All variables were measured at baseline and at 1-year 
Participants
Patients referred to the neck and back outpatient clinic at Oslo University Hospital (OUS), Ulleval and St. Olavs University Hospital (SOH), Trondheim, Norway were recruited. All referred patients underwent a standardised medical examination to assess their eligibility for inclusion. To be included in the study, patients had to be between 18 and 60 years of age, employed and have sick leave duration between 1 and 12 months. The exclusion criteria were requiring surgical treatment, cauda equina syndrome, symptomatic spinal deformities, osteoporosis with fractures, inflammatory rheumatic diseases, pregnancy, legal labour disputes, insufficient Norwegian language skills, cardiac, pulmonary, or metabolic disease with functional restrictions, and DSM-IV-diagnosed mental disorders.
Between August 2009 and August 2011, a total of 3961 patients were screened for eligibility. The main reasons for ineligibility included not being sick-listed (50 %), unemployed (26 %), having a disorder suitable for surgical treatment (7 %) and a lack of Norwegian language skills (6 %). A total of 715 patients were eligible. Of these patients, 310 declined to participate. The remaining 405 patients were included in the intervention study ( Fig. 1) and were randomised to either the work-focused multidisciplinary or clinical multidisciplinary intervention.
Assessments
We recorded age, gender, native language, marital status, smoking status, highest level of education and occupation at baseline. The level of education was categorised into the following four groups: primary school (7-10 years), vocational high school or general academic secondary school, college or university for \4 years and college or university C4 years [20] . Occupation was categorised based on the International Standard Classifications of Occupations, ISCO-88 [21] . Based on the ISCO-88 codes, we collapsed the occupations into four categories: lowskilled blue-collar workers (ISCO-codes 8 and 9), highskilled blue-collar workers (ISCO-codes 6 and 7), lowskilled white-collar workers (ISCO-codes 4 and 5) and high-skilled white-collar workers (ISCO-codes 1, 2 and 3).
Intensity of pain during activity over the past week was reported on an 11-point numeric rating scale (NRS), ranging from 0 (no pain) to 10 (worst possible pain) [22] . Both neck/arm and back/leg pain were reported, and the highest pain rating of the two was used in the analyses. A minimum important change (MIC) of 2.0-2.5 points or a 30 % improvement on the NRS was previously proposed [22, 23] .
The Oswestry Disability Index (ODI) [24, 25] and Neck Disability Index (NDI) [26, 27] are composed of ten items ranging from 0 to 5. The summed score is presented as a percentage, where 0 represents no disability and 100 represents maximum disability. If more than five items were missing, no total ODI/NDI scores were calculated. A MIC of 30 % improvement or ten points for the ODI has been previously proposed [23] . For participants reporting disability due to both NP and LBP, the highest disability score was used in the analyses and was referred to as the Disability Index (DI) score.
Levels of anxiety and depression were measured by the Hospital Anxiety and Depression Scale (HADS) [28] . This has been found to perform well in screening for symptom severity and for case evaluation of anxiety disorders and depression in somatic, psychiatric and primary care patients, as well as in the general population. The anxiety and depression subscales consist of seven items each, scored on a four-point scale from 0 to 3. The items are added together, resulting in a subscale score from 0 to 21. One or two missing items in the HADS were substituted with the subject's mean value. If more items were missing, no HADS score was computed.
Fear-avoidance was measured using Waddell's FearAvoidance Belief Questionnaire (FABQ), where each item was scored on a 7-point Likert scale ranging from 0 (strongly disagree) to 6 (strongly agree). The 7-item FABQ about work subscale (FABQ-W) was chosen in the analyses, as previous studies have shown an association between work-loss and disability [16] . The score ranges from 0 to 42 [16, 29] , with high scores denoting strong fear-avoidance beliefs. No missing values were allowed when calculating the FABQ scores. The General Nordic Questionnaire for Psychological and Social Factors at Work (QPS Nordic) [30] is a questionnaire used to identify psychosocial factors at work. The validity and reliability have been documented previously [31] . The questionnaire was constructed on the basis of common questionnaires on this subject. The total questionnaire comprises questions that are found to be important for health and well-being, independent of specific models. The QPS Nordic items covering the dimensions of demand, control and social support were used in this study. An overview of the subscales and items included in the present analyses is provided in Table 1 . QPS Nordic subscale scores were calculated as the mean scores of completed items for those completing at least two-thirds of the corresponding items. In five subscale measures at baseline and 13 measures at the 1-year follow-up, this rule was not met, and the subscale scores were replaced by the average subscale scores of the patient group. In addition, to achieve similar N for the nine QPS Nordic subscales in the analyses, we replaced a complete missing subscale score with the average score in ten subjects. The average values were calculated and substituted in two subgroups, depending on whether the patient had returned to work or not. The number of imputed values varied between 3 and 11 for each subscale. We also replaced the missing values with extreme values and calculated the effect size of the difference between the two methods on each subscale by Cohen's d (Table 2) .
In this prospective study of change in the work environment, patients were defined as 'RTW' if they had returned to their workplace, even if they still worked fewer hours per week than their employment entailed.
Data Analysis and Statistics
We used paired t tests to compare the average subscale values of the study population at baseline with 1-year follow-up. After Bonferroni adjustment for three comparisons within each of the three dimensions (demand, control and support), values of p B 0.05/3 = 0.017 were regarded as statistically significant. To assess the size of the differences, Cohen's d values [32] were calculated. Cohen's d is defined as the difference between two means divided by the pooled standard deviation. We used the definition of effect sizes as given by Cohen, including small (d = 0.2), medium (d = 0.5) and large (d = 0.8).
A hierarchical multiple regression analysis with each of the nine QPS Nordic subscale change-scores as dependent variables was performed. This was conducted to explore the relationship between the demographic characteristics, changes in clinical and mental health variables, the workfocused intervention, RTW-status, and the subscales' change-score. First, we divided possible independent variables into two blocks: demographic and functioning blocks. Within each block, a series of standard univariate regression analyses were performed, and variables with p values \0.2 were later included in the multiple regression analyses. In the demographic block the following variables were explored: age, gender, educational level, and occupation. In the functioning block, we explored RTW-status, occurrence of workfocused intervention, and the change-scores of pain intensity, DI, HADS-anxiety, HADS-depression, and FABQ-W. We controlled for age, gender, and the baseline value of the QPS Nordic subscale. All clinical variables were assessed with respect to the normal distribution. Low co-linearity was Responses were given along a five-point scale ranging from 1 (very seldom or never) to 5 (very often or always). For each subscale, we reported the sum of the item score divided by the number of items (range [1] [2] [3] [4] [5] found between the independent variables with tolerance [0.9. The final multiple regression analysis included variables with p values\0.2 from each block. The R 2 value was reported for each step. A statistical significance level of p \ 0.05 was adopted. Statistical analyses were performed using PASW Statistics, version 18 (IBM SPSS, IBM Corporation, NY, USA).
Results

Response-Rate
Although we had a total response rate of 74 % at the 1-year follow-up, the QPS Nordic response rate was 56 % due to incomplete questionnaire responses. The characteristics of those patients who completed the QPS Nordic questionnaire are compared to those without a QPS Nordic response in Table 3 . Women were overrepresented as respondents (v 2 = 7.5, p = 0.006). In addition, respondents were older (t = 2.0, p = 0.049) and reported lower levels of fear-avoidance beliefs about work (t = 2.8, p = 0.005) than non-responders. However, the magnitude of these differences was small (Cohen's d 0.20-0.29). In contrast, the tests indicated no significant association between response-status and educational level, occupation group, RTW status, intervention type, smoking, use of analgesic, physical activity level, BMI, pain-intensity, the Disability Index, and the HAD Anxiety or Depression scores.
Patient Characteristics
The clinical characteristics of the patients at baseline and 1 year are reported in Table 4 .
Changes in Demand, Control and Support Subscales at the 1-year Follow-up
No significant differences were found among the measured subscales (Table 5) .
Determinants for Individual-Level Changes in Demand, Control, and Support Subscales
The results from the univariate and multiple regression analyses for Quantitative demands are presented in Tables 6, 7 and 8 and are used to illustrate the procedure in the regression analyses. Table 9 shows the final step in the hierarchical multiple regression analyses for all nine subscales. A positive value in any change-score variable denotes an increased 1-year follow-up score compared with the baseline score.
In the univariate analyses, age was associated with Quantitative demands, Control of decision and Control of work pacing, while gender was associated with Quantitative demands and Decision demands, educational level was associated with Quantitative demands, Decision demands and Support from co-workers, and occupation was associated with Quantitative demands, Decision demands, and Positive challenge at work, (p \ 0.2). Demographic variables remaining in the final model (Table 9) were those associated with a subscale (p \ 0.2) after the demographic box multiple regression analyses (only shown for Quantitative demands). However, age and gender were controlled for in all multiple analyses. The RTW-status was not associated with any subscale, and the work-focused intervention was only significantly associated with increased Decision demands. In the final multiple regression analyses, higher age was inversely associated with changes in the Quantitative demands and Learning demands subscales. No other demographic variable had associations in the final step. A decrease in the FABQ-W was significantly associated with a decrease in all Demands dimensions (Quantitative, Decision, Learning) and accounted for 3 % of the variability of the change. A decrease in DI (disability) was associated with an increase in Positive challenge at work, which accounted for 2 % of the variability. Decreases in the HADS-A (anxiety) score and the FABQ-W were significantly associated with a rise in Control of work pacing, and explained 8 % of the variability. No clinical variables were associated with Control of decision. In the support dimensions, decreases in DI and the HADS-A score were associated with increased Support from superior and explained 5 % of the variability. Additionally, a decrease in the HADS-D (depression) score was associated with an increase in Support from friends and family. None of the investigated variables were significantly associated with Support from co-workers. 
Discussion
In this study, the population reported no changes in their perceived psychosocial work factors over the 1-year follow-up period. In contrast, they reported significant average improvements in subjective clinical variables such as pain, disability, fear-avoidance beliefs, anxiety and depression over the 1-year follow-up period. However, the regression analyses showed that individually, a reduction in fear avoidance beliefs was consistently related to a reduction in the demand subscales and an increase in the control subscales, while reductions in disability, anxiety, and depression were related to increases in the support subscales. Inclusion of these variables in the multivariate models explained only 2-8 % of the variability of the subscales' changes. The psychosocial constructs of demand, control, and support each include several aspects. Job control, as measured by the QPS Nordic, refers to the individual's perceived ability to choose between alternatives in the work situation and decide about work pace, breaks, and flexitime.
In the same way, job demands refer to the time pressure and amount of work required by the position, demands for quick and complex decision-making and attention, and requirements for better education or continuous training. To display the heterogeneous aspects of the job environment, we found it necessary to examine each of the QPS Nordic subscales separately. Changes in Demand, Control and Support at the 1-year Follow-up
Our first finding revealed that none of the nine subscales changed at the 1-year follow-up. The QPS Nordic subscale Quantitative demands, which measures time pressure and the amount of work, is probably a valid measure regardless of occupation or profession in this patient population. In contrast, Decision demands (demand for quick and complex decision making and attention) and Learning demands (demand for better education and continuous training) might vary among occupations or professions, but probably do not vary over a limited time period at the same workplace. Consequently, we did not expect the average score of the decision or learning demands to change in a patient population with different occupations. In previous studies, subjective job control has been found to be highly correlated with objective job control data (based upon expert ratings or average group assessments) among workers [33, 34] . As such, there is less reason to believe that job control will change significantly in the course of 1 year, even in a patient population. An exception might be with temporary work modifications.
In a previous study, we found that the demand, control, and support subscale scores at baseline were quite similar to the scores of the reference worker population [11] . Table 7 Univariate and multivariate regression analyses with RTW status, intervention type, and changes in: pain, disability, the HADS Anxiety score, the HADS Depression score, and the FABQ-W as predictors and Change of Quantitative Demand as the dependent variable at the 1-year follow-up for sick-listed patients with neck and back pain, controlling for age and gender Furthermore, the rather stable quantitative demand and decision control over time in a Norwegian worker population [12] suggests that we could not expect major changes. On the other hand, the ''perception'' hypothesis suggests that ''changes in worker well-being may lead to an altered evaluation of existing job characteristics, even though the work environment itself may be unchanged'' [13] , and the study population showed a concurrent improvement in pain, disability and fear-avoidance beliefs (Table 4) . At the same time, feasible changes in the work environment might not necessarily be associated with changes in 'major' work environment factors like demand, control, and support. Unfortunately, we have no objective information indicating whether the work environment actually had been adapted. In previous prospective studies among workers, other work factors such as role conflict, social climate, empowering leadership, and fair leadership were closely associated with the level of neck and back pain intensity [35, 36] . Therefore, it is possible that the demand, control, and support concepts are not the only important work aspects to study among neck and back pain patients.
Determinants for Individual-Level Changes in the Demand, Control and Support Subscales
The second finding was the different associations between changes in the individual clinical factors and changes in demand, control, and support. A particularly interesting finding was a trend of association between reduced fearavoidance beliefs about work and reduced perceptions of work demands. A reduced fear-avoidance belief about work was also associated with increased control of work pacing. More precisely, this means that if the subjective belief that work is harmful or might cause more pain decreases, this belief is associated with a concomitant decrease in subjective perceived job demands and an increase in control over work pace and breaks. Thus, opportunities for individual beneficial changes in these factors in the work place might seem important for an individual's perception of better coping and adjustment possibilities at work. However, a reduction in the fearavoidance belief about work was not associated with changes in the perceived positive challenges at work, control of decisions, or social support. Control of decisions and the perception of the work as meaningful and positively challenging are probably more related to the occupation or the organisation's structure and do not change rapidly over time. Although changes in fear-avoidance beliefs about work only explained a small part of the variability in the demand and control change scores, these relationships are consistent with previously found crosssectional associations between work environment and fearavoidance beliefs about work [11] .
We would argue that the most important work environment assessment is provided by the subject, even though we cannot exclude the fact that high levels of pain and disability influence the perception of work demand, which subsequently is misclassified [34, 37] . In that case, we would expect the pain and disability change scores to be associated with changes in the work factors. Such an influence was only observed for disability regarding positive challenges at work and support from superiors, whereas pain had no significant effect.
Although Airila et al. [38] did not find any association between the trajectory of musculoskeletal pain and job demands, they found close associations between high levels of job demands and poor interpersonal relations and depression. Additionally, in our study, improvements in anxiety and depression were more closely related to the work factors (i.e., control and support) than to improvement in neck or back pain. The current study showed that a successful RTW status had no relation to the development of the perceived work environment. Similarly, no additional effect of a work-focused intervention compared to a general multidisciplinary intervention regarding changes in the work environment was found. Indeed, the unchanged demand, control, and support for the entire study population suggests that none of the interventions influenced these factors. This finding suggests that development in demand, control, and support was partly associated with the individual's subjective clinical assessment but not with objective measureable factors such as RTW status or intervention type.
Strength and Limitations
The strength of the present study is its prospective design and rather large sample size. The inclusion of two regional neck and back clinics and participants with a wide variety of occupations, workplaces, and employers increases the external validity of this study. A further strength is the combination of demographic, clinical, and work-related information about the participants. The application of scales from the QPS Nordic, a validated comprehensive instrument designed for research on the association between work and health as well as documentation of work conditions [31] , was also a strength. However, the responsiveness of this instrument has, to the best of our knowledge, not been tested in a neck or back pain population.
The limitations to the present study are the low response rate of 56 %, which may influence the external validity of the study. Although the analyses showed mainly similar demographic and clinical characteristics in the QPS Nordic responders versus the QPS Nordic non-responders, there was a predominance of women, older age individuals and lower fear-avoidance among responders, which suggests that we did not capture younger men and those with high FABQ-W. However, women and middle age individuals (45-54 years) have an increased risk of sick-leave [39] . Although high FABs are documented predictors of failure to RTW [40] , in another study, we found that improvement in the FABQ-W scores after treatment predicted RTW within 12-months of follow-up, while the baseline values did not [41] .
Missing data were replaced by the mean scores of the population. The number of imputed measures ranged from 0.9 to 4.8 % for the different subscales. In order to assess the effect of missing not at random, we also replaced the missing values with the worst case scenario values and performed t test analyses. As expected, the analyses showed that the extreme value imputation would cause statistically significant changes for several subscales; however, the effect-sizes of the differences would remain small (Cohen's d \ 0.19). Additionally, after Bonferroni correction, only 'Quantitative demands' and 'Control of decision' would be statistically significant. Accordingly, we do not believe that the use of mean imputations to replace missing values is crucial for the clinical interpretation of the analyses.
Additionally, the prospective design of the study contributes new knowledge about the perceived psychosocial work environment among sick-listed neck and back pain patients. However, because we include score changes both as dependent and independent variables in the regression analyses, we no longer have a traditional prospective regression analysis. This analysis limits us to associations between the change score variables and prevents causal interpretations of the associations.
Conclusion
In conclusion, the perception of demand, control and support at work appeared to be stable over 1 year in patients with neck and back pain, despite marked improvement in pain and disability. Disability, anxiety, and depression were more closely associated with the perception of the work environment than pain. Decreased fear-avoidance beliefs about work were consistently associated with decreased demands and increased control of work pacing.
